This study examines food safety knowledge and practices of food service staff in Al Madinah hospitals, Saudi Arabia. A total of 163 food service staff participated voluntarily from 10 hospitals across the city of Al Madinah. The participants completed a questionnaire composed of three parts: General characteristics, food safety knowledge, and food safety practices. Results showed that respondents generally had good food safety knowledge with the highest pass rate of 77.9% for knowledge of cross contamination followed by 52.8% for knowledge of food poisoning, and 49.7% of knowledge of food storage. Food safety practices were also strongly observed in the hospitals with a pass rate of 92.6%. Food safety knowledge among the hospital food service staff varied with the level of education, age, and having received food hygiene/safety practices, training while food safety practices had a significant association with the level of education and food hygiene/safety practices training of the staff. Spearman rho coefficient results showed that there was a significant linear relationship between food safety practice and food safety knowledge, and that food safety knowledge significantly predicts food safety practices. This research revealed the importance of education and consistent training of food service staff in improving knowledge and thereby better and safe food handling practices, which could contribute to apply food safety in the hospitals.
Introduction
There is an inextricable link between nutrition, safety of food, and security of food [1] . Unsafe food triggers a vicious food-based cycle of both foodborne diseases, especially affecting vulnerable consumers such as elderly, sick, young children, and infants. There has been a sharp increase in concern for the safety of food among the wealthy members of various societies. However, the realistic tragedy of foodborne illnesses occurs within the developing world [2] . According to the Centers for Disease Control and Prevention (CDC) update in 2017, each year about 50 million people succumb to food-based ailments, leading to the death of an estimated 3,000 people. The World Health Organization [3] estimates that children aged five-years and younger accounted for 40% of the foodborne ailment burden. Yet, globally the increasing awareness of foodborne illnesses as triggering significant risks to the health, social development, economic development, and safety of food continues to remain marginalized [1] .
Developed countries regularly launch national initiatives to educate food consumers and handlers. In developing countries, however, limited efforts are undertaken [4] . As indicated by an increasing number of foodborne illnesses in Saudi Arabia for example. The Ministry of Health in Saudi Arabia reported 255 incidences of food borne illnesses in the country in 2011 alone, causing 2066 people to fall ill [5, 6] . The management of food control in the country is undertaken by the Saudi Food and Drug Authority (SFDA) and the execution of policies and procedures lies with the Saudi Arabia Standards Organisation (SASO) spanning across various committees, agencies, and administrators [7] . Recently, within Saudi Arabia the Department of Environmental Foods and Rural Affairs (DEFRA) standards of Good Manufacturing Practices (GMP) and Hazard Analysis Critical Control Points (HACCP) have been introduced, but the application of these standards has been slow [8] . The issues relating to the safety of food within a healthcare environment are further critical as the consumers served within the healthcare environment include individuals who have higher healthcare risk for poor consequences, or unavoidable death due to certain disease conditions or (immunology-compromising) treatments [9] . Studies point out that the primary safety standards relating to the populations' consumed food within the healthcare environments should be higher than the safety standards imposed within the restaurant or business environment [10] . The avoidable mishandling of food in healthcare facilities, as well as the lack of hygiene procedures can lead to the transfer of food-based ailments from the food processing stage, packaging stage, food distributing states, to food consuming. The procedure may bring out the pathogens that contaminate the consumable food, which quickly multiply to trigger avoidable health problems [11] .
Ensuring the safety of healthcare-based food is one of the major challenges that must be implemented at all times within the healthcare facilities, including both the small residence-type categories as well as the food-delivering entities that cater to the homes of the elderly population to the bigger healthcare facilities [12] . Within this scope, implementation of proper (hygienic) food preparation and handling practices for food service staff in the food establishments is vital to protect the health of the patients, staff, and other individuals from the effects of the consequences of foodborne diseases [13] . The challenge relating to ensuring the safety of food within the healthcare facilities may differ between facilities or within facilities, neonatal-based intensive healthcare units in the elderly population-serving facilities. However, the basic reportable requirements for the implementation of good hygienic health care practices and effective management of safety of food must be equally implemented, and in relation to the (legal) requirements of the healthcare facilities must be considered as the same with other food-serving facilities [12] .
Food workers must have the required skills and knowledge to ensure implementation of good hygiene practices and the safety of food concepts within the healthcare facilities. Both prior food-based work experience and education are important inputs towards ensuring workers implement healthy food-based handling tasks [13] . Additionally, trainings, designing policies, and setting standards can lessen the occurrence of food-based ailments caused by food handlers in food establishments [14] . Thus, for maintaining and enforcing the safety of food within the healthcare facilities, it is vital to evaluate the food safety knowledge and practices of food service staff. Exploring the relationship between food safety knowledge and food safety practices of food service staff and how these may be associated with their demographic profiles may further aid in developing customized training programs. This study, therefore, attempts to assess the food safety knowledge and reported practices of food service staff in Al Madinah hospitals, Saudi Arabia, together with the influence that demographic characteristics (such as nationality, gender, age, level of education, length of service and undertaken food safety trainings) of the food service staff may have on their food safety knowledge and reported practices.
Materials and Methods

Questionnaire Design
To survey the food service staff in the hospitals of Al-Madinah in Saudi Arabia a closed-ended questionnaire was designed based on suitable and relevant questions from previous validated questionnaires applied in similar studies [6, 15, 16] . The questionnaire on the self-completing form contained thirty-five questions, which were divided into three parts. The first part included five questions on the demographic characteristics of each participant, such as age, educational level, gender, nationality and work experience and covered two questions on food safety training. The second part involved the questions on the knowledge of the food handler, which was further subdivided into three parts. The first sub-section covered seven questions on knowledge of food poisoning, while the second sub-part included six questions on knowledge of cross-contamination. The third sub-heading contained seven questions concerning the knowledge of food storage. The third and the last part of the questionnaire consisted of eight questions covering food handlers' practices.
The questionnaire was validated through a pilot study amongst food safety and business management professionals to verify of the questionnaire's accuracy so as to strengthen the survey based on their feedback received. Croncbach alpha coefficient of internal consistency was used to estimate the reliability of the questionnaire. Alpha coefficient of the instrument was 0.71. Additionally, the questionnaire was first designed in English language, and then a back to back translation into Arabic was conducted. The questionnaire was later distributed manually to the foodservice employees in the 10 hospitals in the city of Al Madinah, where participation was voluntary.
Target Participants
All foodservice staff in the hospital were the target participants for this study and were approached to contribute in the research.
Data Collection
The questionnaires were distributed to 10 hospitals (MOH hospitals, other governmental sectors hospitals, and private hospitals) and responses from the staff were collected during the period, September to December 2017. Managers of each of the selected hospitals were contacted and explained the purpose of the questionnaire. A total of 163 respondents completed the entire questionnaires. Fifteen surveys were terminated as some of the employees did not want to respond to the questionnaire erroneously and others perceived that the questionnaire could consume a lot of their time when filling it in (response rate 91.5%). The participants spent about twelve to fifteen minutes filling in the questionnaire.
Data Analysis
Statistical Package for the Social Sciences (SPSS) version 24 statistical package was used to perform the quantitative analysis of the responses of the participants. The questionnaire had twenty-eight questions about food safety knowledge and practice; for each question the participants were awarded one point when they answered correctly and a zero for incorrect answers and their percentages calculated. Additionally, the knowledge portion of the survey had subsections to test the participant's knowledge of food poisoning, cross contamination of food and food storage. Participant responses were analysed and presented using frequency distribution. For each of the knowledge sub-section and practice section, pass rates were calculated with participants who answered more than half of the questions in the section/sub section correctly attaining a pass. Mean score and standard deviation for each of the section/sub section were also analysed.
Research highlights that when data follows a skewed distribution, non-parametric analysis is the most appropriate method for analysing the data [17] . Non-parametric tests (Chi-square (X 2 ), Manne-Whitney U and Kruskale-Wallis) were therefore used for the analysis. The Chi-square (X 2 ) test was used to compare the different demographics with the food safety knowledge and practice of the respondents to assess if there was a difference. For demographics with two independent samples, i.e. nationality, gender and food safety training, the Manne-Whitney U test was used. While the Kruskale-Wallis test was used in the case of demographics of three or more independent samples, i.e., age, education level and service experience in our survey [17] .
Furthermore, Spearman rho's nonparametric correlation coefficients were computed to determine the relationship between food safety knowledge mean score and food safety practices mean scores Lastly, the effect of food safety knowledge (predictor/independent variable) on food safety practices (outcome/dependent variable) was determined using linear regression analysis. Table 1 presents the demographic characteristics of respondents, with results showing that the Saudi Arabian nationality was the highest with 60.7%. In terms of gender characteristics, females had the lead with 60.7%. Regarding the age group, the highest (51.5%) and lowest (3.1%) percentage of staffs was (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) and (51-60) years old, respectively. The highest educational level was that of University Degree, with 57.7%, while work experience ranging from one to seven years took the lead with 69.3% of respondents. Table 2 shows that 68.1% of all staff had received food safety training and 63.8% of the respondents understood HACCP as a system of ensuring safe food by identifying and controlling specific hazards, indicating an emphasis on food safety training in hospitals in Al Madinah. It has been argued that training universally reduces the occurrence of food-based ailments caused by food handlers in food establishments [14] . Studies also emphasize that food safety training can effectively improve food safety knowledge [14, 18] . Table 3 summarizes food handlers' knowledge on food poisoning. 77.9% respondents were highly knowledgeable when asked about the definition of food poisoning. While 50.3% respondents understood the difference between infection and intoxication. Respondents were almost averagely knowledgeable when asked to name the most important factors that controls the growth of bacteria (49.7%). Respondents were less knowledgeable when asked the pH range that most pathogens are likely to grow (36.2%). Additionally, when the respondents were asked about the most common bacteria that can cause foodborne diseases, less than half of total (44.2%) respondents reported the correct answer, (all of the above) which includes Salmonella, Bacillus cereus, and E. coli. However, there was no significant difference between these results (36.8%) and those who only chose Salmonella as the answer. Finally, although the majority of respondents (62.6%) had poor knowledge of how to recognize food contaminated with food poisoning bacteria, most respondents (81.6%) could identify how bacteria could be transferred to food. The correct answers are highlighted in bold in the table.
Result and Discussion
Samples Profile
Food Safety Training
The results indicate that, while the respondents had generalized understanding of food poisoning and its occurrence, an in-depth knowledge of its causes and control factors was missing. Similar results were observed in the case of food service staff in Iran [19] and in Sicily, Italy [20] . A study of food handlers in Kuala Lumpur, Malaysia also reported that food handlers had moderate levels of food safety knowledge [21] . While it reported that food handlers in a hospital kitchen in Semarang, Central Java have good knowledge in safe food handling procedures [22] . Table 4 summarizes the knowledge of respondents of cross-contamination. A high percentage (50.3%) of respondents knew what cross-contamination is. A total of 79 respondents, which represents 48.5%, were knowledgeable about why it is important to wash hands after handling raw meat and also 58.3% knew the purpose of using gloves during the preparation of food. Moreover, respondents were highly knowledgeable when asked why raw and cooked food must be separated during food preparation and refrigeration (76.1%), as well as when asked about the case of the safe use of a cutting board and utensils for fresh produce and raw meat (69.3%). However, respondents only had an average knowledge about the correct way to clean the kitchen countertop and stove (46.6%). The correct answers are highlighted in bold in the table.
Knowledge of Cross-Contamination
The results indicate that the food service staff in Al Madinah Hospitals understands the concept of cross contamination and how it can be caused, yet there is scope to build their knowledge about its prevention. It also found that food service staff in hospitals in Jordan had sufficient knowledge of the cross-contamination aspect of food safety [23] . Other studies have also explored and concluded similar results in hospitals in Lebanon [24] and Qatar [25] . Table 5 presents a summary of the knowledge of food handlers about food storage. It shows that more than half the total respondents (63.8%) were aware of 4 • C as the recommended temperature for a refrigerator. Similarly the majority of staff (72.4%) reported that the recommended temperature of the freezer should be −18 • C and knew that the temperature of the refrigerator and the freezer should be checked every day (77.9%). However, respondents were less knowledgeable when asked whether bacteria in food could be killed by freezing at −18 • C (19%). While a majority of the staff (65%) knew that thawed meat should not be frozen for later use; respondents were less knowledgeable about where raw meat (30.7%) and fruit and vegetables (26.4%) should be stored in a fridge. The correct answers are highlighted in bold in the table.
Knowledge of Food Storage
The results again highlight that, while the respondents had generalized knowledge about the correct temperature for storage, better understanding in terms of how the storage of food items must be done is needed. Similar results have been reported in case of food service staff in Iran [19] as well as in hospitals in Jordan [23] . Table 6 summarizes the reported food handling practices of the food service staff. Almost all the staff (94.5%) reported that they always wash their hands before food preparation. Additionally, the majority of staff (81%) wore gloves when handling food during preparation. There was a marginal difference between respondents who reported that they do not feel comfortable wearing gloves during the preparation of food and those who never wear gloves (3.7% and 3.1%), respectively. Majority of staff also indicated that they always used a mask (70.6%) and a head cap (82.2%) when preparing and distributing food. Staff also reported the correct way of washing hands (70.6%) and what to do if they have an infected wound on their hand (73%). Furthermore, 87.7% of all the respondents stated that, after handling raw meat, they wash their hands with running warm water and soap and then wipe dry. Lastly, the majority of respondents accepted that food handlers with any symptoms of communicable diseases should not prepare food for others (85.9%).
Food Handlers' Practices
Overall, the food service staff reported good food handling practices, as was also observed in food handlers in a hospital kitchen in Semarang, Central Java [22] . The higher pass rate of food safety practices than food safety knowledge can be attributed to the concept of learning by doing Nursing staff of two hospitals in Sicily, Italy also reported better food handling practices than their food safety knowledge [20] . While in Qatar practices of the food service staff (89.7%) towards clean and safe food preparation were adequate [25] , the disparity between attitudes and practices of food service staff was observed in Iran [19] . The correct answers are highlighted in bold in the table.
Association between the Demographic Characteristics of Participants and Food Safety Knowledge
The non-parametric tests (Chi-square (X 2 ), Manne-Whitney U, and Kruskale-Wallis) of the association between the demographic characteristics of participants and food safety knowledge are presented in Table 7 . Results showed that there was a significant association between nationality and food safety knowledge (p < 0.05). It was observed that 46.6% of respondents that have food safety knowledge are Saudis compared to non-Saudis at 24.5%. This observation may have resulted from the higher level of education of the staff of Saudi nationality as against the education levels of migrants. A study in peninsular Malaysia to assess food safety knowledge and food handling practices among migrant food handlers also noted that there were significant links between poor levels of food safety knowledge and respondents' nationality [26] . However, other studies argue that food safety knowledge is not affected by ethnic origin [27] .
While the pass rate for food safety knowledge of female respondents, (46.3%) was higher than their male (24.7%) counterparts, no significant association (p ≥ 0.05) between gender and food safety knowledge was observed. This concurs with other studies that found that women were more knowledgeable and had better food safety practices than men [28, 29] . Similarly, it was found that gender had no significant association or effect on the level of food safety knowledge among participants in Selangor, Ipoh, and Kuala Terengganu, Malaysia [26] . It also indicated that women have more food safety knowledge than their male counterpart, but contradicted with other studies in that it argued that there indeed is a significant association between gender and food safety knowledge [30] .
A significant association (p < 0.05) between age and food safety knowledge was observed. This study shows that 40.5% of respondents having food safety knowledge were within 20-30 years of age compared to older age categories. In a study done in Riyadh hospitals, Saudi Arabia, the level of knowledge of food catering staff less than 24 years of age were found higher than that of the older staff [31] . A similar finding was reported by [15] who assessed knowledge of food safety practices among participants over the age of 18 from all over the Republic of Ireland; the participants ranging in age from 26 to 35 had the highest food safety knowledge. Other studies also state that the young had more knowledge [32] and report that older age is proportional to poor food safety knowledge [33, 34] . Table 7 .
Association between the demographic characteristics of participants and Food Safety knowledge. Note: Non-parametric tests (Chi-square, Manne-Whitney U, and Kruskale-Wallis)) were used to analyze the association between the demographic characteristics of participants and their food safety knowledge.
Food Safety Knowledge
Variables
There was a significant association between the education levels of respondents and food safety knowledge (p < 0.05). 48.5% of the participants with a university degree had a higher level of knowledge of food safety. This is consistent with multiple research outcomes, that the higher the level of education of food handlers, the more their food safety knowledge and vice versa [35, 36] . Moreover, studies found that, there was a significant association between food safety knowledge and participant education level [37] . On the contrary, however, others stated that there were no significant differences in knowledge and practices and the education background of food services staff [31] . Similarly, in Italian hospitals, it was found that the education level of food service staff and their food safety practices were inconsistently associated [14] .
No significant association (p ≥ 0.05) was observed between years of experience in food service and food safety knowledge. This may be due to the advanced training tools that new staff are equipped with which can facilitate them to have better food safety knowledge irrespective of their experience in the area. However, positive results were reported by [37, 38] who found a significant association between the food safety knowledge of food handlers and levels of experience.
There was a significant association (p < 0.05) between having food hygiene/safety training and food safety knowledge. It was found that 52.8% of respondents who had food safety knowledge had prior food hygiene/safety practices training, compared to their counterparts (18.4%) who did not attend training courses. A similar result was reported by [3] who found that the level of knowledge was significantly related to food hygiene/safety practices training among food handlers in Jordanian Military Hospitals, Jordan. Studies also reported that there was a significant improvement in the level of food safety knowledge among participants who received training [39, 40] . Similarly, highest scores of knowledge were reported to be the most common among staff who attended training courses [41] . An overall comparison among the different aspects of the knowledge of food safety and practices among foodservice staff is presented in Figure 1 . 
Association between the Demographic Characteristics of Participants and Food Safety Practices
The non-parametric statistics of the association between the demographic characteristics of participants and food safety practices are presented in Table 8 . No significant association (p ≥ 0.05) between nationality, gender, age and experience in food handling service and food safety practices was observed. No positive relationship between gender, age, education level, and food safety practices upon evaluating medical students' knowledge and practices regarding food safety and hygiene were reported at Trakia University, Bulgaria [42] . However, others observed that gender and age were significantly associated with food safety practices [43] . Although no significant association (p ≥ 0.05) between nationality, gender, age, and experience in food handling service and food safety practices was found, females observed better safety practices than males (52.5% and 34%, respectively). It was also found that women were better than men in terms of food safety practices [42] . Food handlers from 20 to 30 years of age had the greatest percentage passing food safety practices at 41.7%, followed by the 31-40 age group at 31.3%.
A study conducted in Calabria, Italy to evaluate food hygiene among food handlers also found that the younger the food-services staff, the more aware they were of good practices [44] . However, contrary to this, Reference [20] stated that there was no relationship between hygiene practices and food handler age. In case of food service experience, 57.1% of participants with one-seven years of work experience of food handling service had better practices than the staff who engaged for more than seven years in food services.. However [31] reported that among catering employees who had a long work experience, practices were better with respect to food hygiene.
On the other hand, significant association was found between both the education levels of the respondents (p ≤ 0.05) and having a food hygiene/safety practices training (p ≤ 0.05) with their food safety practices. Food services staff with university degrees showed high awareness with regard to practices of food safety at 52.8%. It was observed that 61.3% of the respondents who implement the right practices during food preparation had received food hygiene/safety practices, training, compared to respondents (24.5%) without prior training. These results are consistent with the outcomes reported by References [26, 43] . Similarly, Reference [45] found a strong association with regard to the relationship between the education of food handlers and positive behaviour in preserving food safety practices. Others observed that trained food services staff achieved better scores of practices than untrained staff [46] . Several studies have shown that there was a significant association between food handler education levels and personal hygiene practices, including food safety practices [47, 48] . Self-reported practices of food service staffs in nursing homes and healthcare facilities found a significant association between the food safety practices of respondents and attendance at training courses on food hygiene [20] . However, Reference [49] argued that it is not necessarily true that a high level of education develops the practices of food safety for staff. Table 9 summarizes the linear relationship between food safety knowledge and food safety practices using Spearman rho statistics. A significant positive correlation (p ≤ 0.01) between food safety knowledge and food safety practices was observed. Thus, it implied that the higher the food safety knowledge, the better the food safety practices. Similarly, other studies [36, 50, 51] show a significant positive correlation between food safety knowledge and food safety practices. Furthermore, Reference [52] reported similar findings that food safety knowledge is proportional to food safety practices among food handlers. However, Reference [53] have shown that food safety knowledge does not relate to food safety practices among food handlers. Table 10 summarizes the linear regression parameters. Food safety knowledge has a significant effect on food safety practices. The linear regression model established that food safety knowledge could statistically predict food safety practices (F = 47.45; df = 1; p = 0.000). Food safety knowledge account for 2.23% variability in food safety practices. Thus, this outcome shows that participants with a mean of 12.06 of food safety knowledge are expected to have on average a food safety practice of 3.375. This is consistent with the report in Reference [36] who reported that the odds of bad food safety practices were 15.4 times higher in respondents with poor food safety knowledge than in respondents with sufficient food safety knowledge. Table 11 summarizes the linear relationship between the demographic characteristics and food safety knowledge and food safety practices. The multiple linear regression models were significant (p < 0.05), and the independent variables accounted for 25.9% of food safety knowledge (R 2 = 0.259) and 21.8% of food safety practices (R 2 = 0.218). The results indicate a significant positive correlation between education and food safety knowledge and food safety practices as well as between length of service and food safety knowledge. The results are consistent with studies that found a significant positive relationship between participant education level and food safety knowledge [35] [36] [37] and food safety practices [45] . Positive relationship was also reported by [40] between the food safety knowledge of food handlers and levels of experience. The results outline that nationality, gender, age and training are not positively correlated with food safety knowledge and food safety practices of food service staff in Al Madinah Hospital in Saudi Arabia. Similar findings have been reported that food safety knowledge and practices are not affected by ethnic origin [27] , gender [26] , age and trainings [39, 42] . Table 11 . Influence of demographic characteristics on food safety knowledge on food safety practice using a linear regression model. 
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Influence of Demographic Characteristics on Food Safety Knowledge and Food Safety Practices Using Linear Regression Model
Independent
Conclusions
This study assessed the food safety knowledge and practices of food service staff in Al Madinah hospitals, Saudi Arabia. The obtained results can inform the design of education and training programs, setting up of standards and policies and inspection regimes that can lead to better and safer food handling practices in healthcare settings in Saudi Arabia. Food safety efforts generally tend to focus on laboratory examination and physical investigation of the end product, while food handling and practices gets limited attention. As established in this study, food handlers in healthcare settings need effective and regular education and training to safeguard individuals with higher healthcare risk. It is therefore recommended that authorities, hospital management, researchers, educators, and food safety communicators should work towards educating and supporting the hospital food service staff to advance their food safety knowledge to safer food practices. 
